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Overview of PresentationOverview of Presentation

••Monitoring Design: why it was selected, how it is used, and Monitoring Design: why it was selected, how it is used, and 
products producedproducts produced

••Second year source identification samplingSecond year source identification sampling

••Strengths and weaknesses of using probabilistic monitoringStrengths and weaknesses of using probabilistic monitoring



••State’s Goal:  “… to restore and maintain the chemical, State’s Goal:  “… to restore and maintain the chemical, 
physical, and biological integrity of the waters of the physical, and biological integrity of the waters of the 
State.”  327 IAC 2State.”  327 IAC 2--11--1.51.5

••Historically, targeted sites related to point source pollutionHistorically, targeted sites related to point source pollution

••Shift to nonShift to non--point source pollution & ALL waters of the statepoint source pollution & ALL waters of the state

Goal of Indiana’s Water Quality StandardsGoal of Indiana’s Water Quality Standards



••Rivers and streams are Rivers and streams are 
sampled by targeting sampled by targeting 
watershed basins and watershed basins and 
sampling them every 5 sampling them every 5 
yearsyears
––Year 1: WFWR & PatokaYear 1: WFWR & Patoka

––Year 2: EFWR & WhitewaterYear 2: EFWR & Whitewater

––Year 3: Upper WabashYear 3: Upper Wabash

––Year 4: Lower Wabash & Year 4: Lower Wabash & 
KankakeeKankakee

––Year 5: Great Lake & Ohio R. Year 5: Great Lake & Ohio R. 
tribstribs

Probabilistic Monitoring DesignProbabilistic Monitoring Design



••USEPA Western Ecology DivisionUSEPA Western Ecology Division
generated probabilistic site locationsgenerated probabilistic site locations

••Site Reconnaissance (Feb.Site Reconnaissance (Feb.--April)April)
––Topographic MapsTopographic Maps
––BrochuresBrochures
––Contact LandownerContact Landowner
––Site Accessibility & EquipmentSite Accessibility & Equipment
––Enter Recon dataEnter Recon data

••Data Collected:Data Collected:
––Water, Nutrient, and Bacteriological Samples Water, Nutrient, and Bacteriological Samples 

For Laboratory AnalysisFor Laboratory Analysis

––Macroinvertebrate Community AssessmentsMacroinvertebrate Community Assessments

––Fish Community AssessmentsFish Community Assessments

––Habitat AssessmentsHabitat Assessments

Probabilistic Monitoring DesignProbabilistic Monitoring Design



Water Chemistry, Nutrients, & Water Chemistry, Nutrients, & E.coliE.coli

••Grab water samples and nutrients collected spring, Grab water samples and nutrients collected spring, 
summer, and fall (USGS contract)summer, and fall (USGS contract)

••Chemistry ParametersChemistry Parameters

Priority Metals Physical/Anions Nutrients/Organic
Arsenic Alkalinity TKN
Calcium Total Solids Ammonia-N

Cadmium Suspended Solids Nitrate+Nitrite-N
Chromium Dissolved Solids Total Phosphorus

Copper Sulfate TOC
Lead Chloride Cyanide-Total

Magnesium Hardness Cyanide-Free
Mercury COD
Nickel

Selenium
Zinc



Water Chemistry, Nutrients, & Water Chemistry, Nutrients, & E.coliE.coli

••Hydrolab data collected Hydrolab data collected 
during each sampling during each sampling 
event:event:
––D.O., pH, Conductivity, Water D.O., pH, Conductivity, Water 
temperature, Turbiditytemperature, Turbidity

••Nutrients:Nutrients:
––Chlorophyll A in Chlorophyll A in 
phytoplankton and periphyton phytoplankton and periphyton 
samples, ashsamples, ash--free dry mass in free dry mass in 
periphyton samplesperiphyton samples

••E.coli:E.coli:
––each site sampled once each each site sampled once each 
week for 5 consecutive weeksweek for 5 consecutive weeks



Macroinvertebrate Community AssessmentsMacroinvertebrate Community Assessments
••KICK sampleKICK sample
••HesterHester--DendyDendy
••Laboratory ProcessingLaboratory Processing
••mIBImIBI: 10 metrics (range = 0: 10 metrics (range = 0--8)8)
––1.  Family level HBI1.  Family level HBI
––2.  Number of 2.  Number of taxataxa
––3.  Number of individuals3.  Number of individuals
––4.  Percent dominant 4.  Percent dominant taxataxa
––5.  EPT Index5.  EPT Index
––6.  EPT Count6.  EPT Count
––7.  EPT count to total number of 7.  EPT count to total number of 

individualsindividuals
––8.  EPT Count to 8.  EPT Count to ChironomidChironomid CountCount
––9.  9.  ChironomidChironomid CountCount
––10.  Total number of individuals to 10.  Total number of individuals to 

number of squares sorted  number of squares sorted  



Fish Community AssessmentsFish Community Assessments
••15 x the wetted stream width 15 x the wetted stream width 
(backpack, (backpack, totebargetotebarge, boat electrofishing), boat electrofishing)

••All stream sizes includedAll stream sizes included
••Species Level IdentificationSpecies Level Identification
••IBI: 12 metrics (range 6IBI: 12 metrics (range 6--60) 60) 
––1.  # species1.  # species
––2.  # darter species/ #2.  # darter species/ #dmsdms speciesspecies
––3.  % headwater 3.  % headwater indind./ # sunfish sp../ # sunfish sp.
––4.  # minnow sp./ # sucker sp.4.  # minnow sp./ # sucker sp.
––5.  # sensitive sp.5.  # sensitive sp.
––6.  % tolerant 6.  % tolerant indind..
––7.  % omnivore 7.  % omnivore indind..
––8.  % insectivore 8.  % insectivore indind..
––9.  % pioneer 9.  % pioneer indind./% carnivore ./% carnivore indind..
––10.  Total # 10.  Total # indind..
––11.  % simple 11.  % simple lithophilslithophils
––12.  % DELT anomalies12.  % DELT anomalies



Qualitative Habitat Evaluations (QHEI)Qualitative Habitat Evaluations (QHEI)

1.1. SubstrateSubstrate

2.2. Instream CoverInstream Cover

3.3. Channel Channel 
MorphologyMorphology

4.4. Riparian Zone & Riparian Zone & 
Bank ErosionBank Erosion

5.5. Pool/Glide QualityPool/Glide Quality
Riffle/Run QualityRiffle/Run Quality

•• GradientGradient
Range 0Range 0--100100



Stream Assessments Using Probabilistic ResultsStream Assessments Using Probabilistic Results
1.  Any violations chemical or 1.  Any violations chemical or 
biologicalbiological
––For chemical impairment: For chemical impairment: 
Water Quality Standards [327 IAC 2Water Quality Standards [327 IAC 2--11--6]6]

––For biological impairment:For biological impairment:
“all waters, except those designated as “all waters, except those designated as 
limited use, will be capable of supporting a limited use, will be capable of supporting a 
wellwell--balanced, warm water aquatic balanced, warm water aquatic 
community.”community.”

[327 IAC 2[327 IAC 2--11--3(2)]3(2)]
“well“well--balanced aquatic community” is “an balanced aquatic community” is “an 
aquatic community which is diverse in aquatic community which is diverse in 
species composition, contains several species composition, contains several 
different trophic levels, and is not different trophic levels, and is not 
composed mainly of strictly pollution composed mainly of strictly pollution 
tolerant species” tolerant species” 
[327 IAC 2[327 IAC 2--11--9(49)].9(49)]. Central stoneroller, Campostoma anomalum

Chironomid Photo by Dale Parker,
AquaTax Consulting 



Total IBI Score Integrity Class Attributes

58-60 Excellent Comparable to best condition 
present in ecoregion conditions, 
exceptional assemblage of species.

48-52 Good Decreased species richness (intolerant 
species in particular), sensitive species 
present. Deviation Minor.

40-44 Fair Intolerant and sensitive species absent, 
skewed trophic structure.  Deviation 
Slight.

28-34 Poor Top carnivores and many expected 
species absent or rare, omnivores and 
tolerant species dominant.  Deviation 
Moderate.

12-22 Very Poor Few species and individuals present, 
tolerant species dominant, diseased fish 
frequent. Deviation severe.

<12 No Fish No fish captured during sampling.  
Deviation very severe.

Stream Assessments Using Probabilistic ResultsStream Assessments Using Probabilistic Results



Stream Assessments Using Probabilistic ResultsStream Assessments Using Probabilistic Results
MACROINVERTEBRATE COMMUNITY ASSESSMENTS
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Stream Assessments Using Probabilistic ResultsStream Assessments Using Probabilistic Results
1.  Any violations chemical 1.  Any violations chemical 
or biological:or biological:
––Fish Community: Impaired IBI Fish Community: Impaired IBI << 3535
––Macroinvertebrate: Macroinvertebrate: 

Impaired KICK mIBI < 2.2Impaired KICK mIBI < 2.2
ImpairedImpaired HesterHester--DendyDendy < 1.4< 1.4

2.  Look for possible 2.  Look for possible 
cause/source:  cause/source:  
––habitat, type of chemical violation, habitat, type of chemical violation, 

likely sourcelikely source

3.  How far to apply 3.  How far to apply 
impairment: impairment: 
––tributary influence, land use tributary influence, land use 

characterization, confined characterization, confined 
feeding operations, permitted feeding operations, permitted 
facilitiesfacilities



Stream Assessments Using Probabilistic ResultsStream Assessments Using Probabilistic Results
1.  Any violations chemical or 1.  Any violations chemical or 

biologicalbiological
2.  Look for possible 2.  Look for possible 

cause/source  cause/source  
3.  How far to apply 3.  How far to apply 

impairmentimpairment
4.  Refer impaired sites for 4.  Refer impaired sites for 

Source IDSource ID
5.  Assess sites for Indiana’s 5.  Assess sites for Indiana’s 

Integrated Water Integrated Water 
Monitoring and Monitoring and 
Assessment ReportAssessment Report

6.  Predict % Miles Attaining 6.  Predict % Miles Attaining 
Aquatic Life Use  Aquatic Life Use  
Technical Reports Technical Reports 
Data RequestsData Requests



1.  “R” software:1.  “R” software: free software developed by the R Development Core 
Team along with many other contributors to allow the exchange of statistical 
packages and programming knowledge to anyone with an internet browser 
(http://cran.us.r-project.org/).

2.   Table compatible with “R” software2.   Table compatible with “R” software
3.   Example of “R” screen & language3.   Example of “R” screen & language
4.   Adjust weight function4.   Adjust weight function
5.   Output from “R”5.   Output from “R”
––Basic Statistics (mean, variance, std.deviation)Basic Statistics (mean, variance, std.deviation)
––Cumulative distribution of stream miles for a numeric value (i.eCumulative distribution of stream miles for a numeric value (i.e. IBI score). IBI score)
––Percent of stream miles attaining with confidence levelsPercent of stream miles attaining with confidence levels

6.   Assessment for River Basin6.   Assessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use





1.  “R” software: 1.  “R” software: free software developed by the R Development Core 
Team along with many other contributors to allow the exchange of statistical 
packages and programming knowledge to anyone with an internet browser 
(http://cran.us.r-project.org/).

2.   Table compatible with “R” software2.   Table compatible with “R” software
3.   Example of “R” screen & language3.   Example of “R” screen & language
4.   Adjust weight function4.   Adjust weight function
5.   Output from “R”5.   Output from “R”
––Basic Statistics (mean, variance, std.deviation)Basic Statistics (mean, variance, std.deviation)
––Cumulative distribution of stream miles for a numeric value (i.eCumulative distribution of stream miles for a numeric value (i.e. IBI score). IBI score)
––Percent of stream miles attaining with confidence levelsPercent of stream miles attaining with confidence levels

6.   Assessment for River Basin6.   Assessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use





1.  “R” software: 1.  “R” software: free software developed by the R Development Core 
Team along with many other contributors to allow the exchange of statistical 
packages and programming knowledge to anyone with an internet browser 
(http://cran.us.r-project.org/).

2.   Table compatible with “R” software2.   Table compatible with “R” software
3.   Example of “R” screen & language3.   Example of “R” screen & language
4.   Adjust weight function4.   Adjust weight function
5.   Output from “R”5.   Output from “R”
––Basic Statistics (mean, variance, std.deviation)Basic Statistics (mean, variance, std.deviation)
––Cumulative distribution of stream miles for a numeric value (i.eCumulative distribution of stream miles for a numeric value (i.e. IBI score). IBI score)
––Percent of stream miles attaining with confidence levelsPercent of stream miles attaining with confidence levels

6.   Assessment for River Basin6.   Assessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use





1.  “R” software: 1.  “R” software: free software developed by the R Development Core 
Team along with many other contributors to allow the exchange of statistical 
packages and programming knowledge to anyone with an internet browser 
(http://cran.us.r-project.org/).

2.   Table compatible with “R” software2.   Table compatible with “R” software
3.   Example of “R” screen & language3.   Example of “R” screen & language
4.   Adjust weight function4.   Adjust weight function
5.   Output from “R”5.   Output from “R”
––Basic Statistics (mean, variance, std.deviation)Basic Statistics (mean, variance, std.deviation)
––Cumulative distribution of stream miles for a numeric value (i.eCumulative distribution of stream miles for a numeric value (i.e. IBI score). IBI score)
––Percent of stream miles attaining with confidence levelsPercent of stream miles attaining with confidence levels

6.   Assessment for River Basin6.   Assessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use









6.   Assessment for River Basin6.   Assessment for River Basin

Using Probabilistic Results to Predict the Percentage Using Probabilistic Results to Predict the Percentage 
of Stream Miles Not Attaining Aquatic Life Useof Stream Miles Not Attaining Aquatic Life Use

Project Name Target Population *%Attainment* *%Non-Attainment* Confidence Level *Confidence Interval*
West Fork 05120201 69% 31% 95% 15%

White River 05120202 1st order=4
n=36 05120203 2nd order=5

1st=13 3rd order=2
2nd=14 4th+ order=0
3rd=4 n= 11/36 Impaired
4th+=5

Patoka River 05120209 29% 71% 95% 15%
n=26 1st order=4
1st=5 2nd order=7

2nd=11 3rd order=0
3rd=3 4th+ order=7
4th+=7 n=18/26 Impaired

Target population = 8 digit HUC 
%Attainment = Combined Assessment of Biology (IBI>35, mIBI>2.2,HD>1.4) and No Chemical Parameter Violations
%Non-Attainment = Combined Assessment of Biology (IBI<35, mIBI<2.2,HD<1.4) and Chemical Parameter Violations
The Confidence Interval is the %Non-Attainment +/- the value for 95% Confidence Level.
* These are values produced by IDEM staff using "R" (http://cran.us.r-project.org/) and commands provided by 
 USEPA National Health and Environmental Effects Research Laboratory, Corvallis, Oregon.



Second Year Source Identification SamplingSecond Year Source Identification Sampling
Original Intent of Surface Water Quality Monitoring StrategyOriginal Intent of Surface Water Quality Monitoring Strategy
1.1. Find ImpairmentsFind Impairments

2.2. Return to impairments the next year to find sourceReturn to impairments the next year to find source

3.3. Assessments for Integrated Water Monitoring & Assessment ReportAssessments for Integrated Water Monitoring & Assessment Report

Reality: Limited success implementing second year studiesReality: Limited success implementing second year studies

2004:  Second Year Source Identification Fully Implemented2004:  Second Year Source Identification Fully Implemented
–– USGS collecting water chemistry and nutrient dataUSGS collecting water chemistry and nutrient data

at probabilistic sampling sitesat probabilistic sampling sites

–– Shift field season schedule for biological sampling toShift field season schedule for biological sampling to
June rather than JulyJune rather than July

–– Prioritize watershed source identification studiesPrioritize watershed source identification studies

–– Shifting and hiring of staff to form new crewsShifting and hiring of staff to form new crews
targeting impaired watershedstargeting impaired watersheds



Second Year Source Identification SamplingSecond Year Source Identification Sampling
••Extensive Chemical Sampling Extensive Chemical Sampling 
(impaired sites due to pollutants or point sources) (impaired sites due to pollutants or point sources) 

••Extensive Biological & Chemical SamplingExtensive Biological & Chemical Sampling
(impaired sites due to biological impairment)(impaired sites due to biological impairment)

––Background research of potential sourcesBackground research of potential sources

––Approximately 30Approximately 30--40 sites per watershed (440 sites per watershed (4--6 watersheds/summer) to determine 6 watersheds/summer) to determine 
cause and source of biological impairmentcause and source of biological impairment

••ProductsProducts
––Know extent of impairment and source for stream segment assessmeKnow extent of impairment and source for stream segment assessmentsnts

––Proper listing of the Proper listing of the waterbody waterbody in Categories 1in Categories 1--5 on the 303(d) List of Impaired 5 on the 303(d) List of Impaired 
WaterbodiesWaterbodies

––Data for TMDL development if needed and watershed restoration plData for TMDL development if needed and watershed restoration plansans

––Referrals to Inspectors, County Sanitation Districts and DepartmReferrals to Inspectors, County Sanitation Districts and Department of Health ent of Health 

––Potential Water Quality Criteria RevisionsPotential Water Quality Criteria Revisions



Advantages & Disadvantages of Probabilistic SamplingAdvantages & Disadvantages of Probabilistic Sampling
••Advantages:Advantages:
––100% waters of the state assessed100% waters of the state assessed
––monitoring long term watershed trendsmonitoring long term watershed trends
––discovering nondiscovering non--point source pollutionpoint source pollution
––finding impairments at distant remote finding impairments at distant remote 
sitessites
––can focus resources to watershed specific can focus resources to watershed specific 
impairmentsimpairments
––Bonus: biological expansion of species Bonus: biological expansion of species 
distribution, Threatened & Endangered distribution, Threatened & Endangered 
Species, educate public and landowners in Species, educate public and landowners in 
watershedwatershed

Photo Credit: Rob Criswell
Bluebreast Darter, Etheostoma camurum

••Disadvantages:Disadvantages:
––Time, Access, SafetyTime, Access, Safety
––Cause and source of impairmentCause and source of impairment
––Basins sampled only once every 5 yearsBasins sampled only once every 5 years
––Where are the other impairments?Where are the other impairments?



ConclusionsConclusions

••Probability Monitoring Probability Monitoring 
––Completed one cycle, after 2005 2Completed one cycle, after 2005 2ndnd cycle will be completed!cycle will be completed!
––Assess 100% of the waters of the state for the Integrated Water Assess 100% of the waters of the state for the Integrated Water Monitoring Monitoring 
and Assessment Reportand Assessment Report

••Follow up impairments with second year source idFollow up impairments with second year source id
––intensive surveys both biological and chemical in impaired waterintensive surveys both biological and chemical in impaired watershedssheds
––evaluate tiered aquatic life uses for modified streams evaluate tiered aquatic life uses for modified streams 

••Need:Need:
––Numeric biocriteriaNumeric biocriteria
––RefinedRefined--designated usesdesignated uses
––Model to predict where impairments might occurModel to predict where impairments might occur
––Determine cause and source for Impaired Biotic Communities alreaDetermine cause and source for Impaired Biotic Communities already listeddy listed
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